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Abstract 

A new, cost-effective, high-voltage inter-connection 
technique for HVICs, named SELF-SHIELDING, is proposed. 
To avoid the lowering of breakdown voltage of high-voltage 
devices affected by the electric potential of overlying inter- 
connections, self-shielding technique utilizes only the native 
PN-junction structures of high-voltage devices themselves. 
No additional shielding structure is required even to realize a 
very high-voltage IC above 1000V. Design concept and 
device structures are presented together with the experimental 
results on the operation of self-shielded 1200V level-shifters. 

Introduction 

The most critical theme for high-voltage integrated circuits 
(HVICs) is the electrical shielding of inter-connections from 
underlying high-voltage devices. If the inter-connections 
lying over high-voltage devices in HVIC are not properly 
shielded, the electric potential of inter-connections affect on 
the electric field distribution of underlying high-voltage 
devices. As a result, the breakdown voltage of the high- 
voltage devices are severely lowered. 

To avoid this lowering of breakdown voltage, several 
approaches have been reported. Fixed potential shielding 
plates were successfully applied to 300-400V class HVICs 
[1,2]. Capacitively coupled field plates [3,4] and resistive 
field plate [5] obtained good results in 500-600V class 
HVICs. However, the extension of these techniques to higher 
voltage requires proportional increase of insulator thickness 
and additional conductive layers, to be resulted in the 
increase of cost and process difficulties. It was these 
limitations that prevented the development of HVIC far 
below 1000V. 

In this paper, to breakthrough above mentioned limitations in 
conventional approaches, we propose a new shielding 
technique of high-voltage inter-connections for very high- 
voltage ICs; named SELF-SHIELDING [6]. After describing 
conventional HVIC, we demonstrate the design concept and 
device structures of self-shielded HVIC, followed by the 
experimental results on the operation of self-shielded, 1200V, 
n- and p-channel level-shifters. 



Conventional HVIC 

Typical block diagram and floor plan of conventional HVIC 
for driving totem-poled insulated-gate bipolar transistors 
(IGBTs) are shown in Fig. 1 (a) and Fig. 2 (a) , respectively. 
GDUH and GDUL in Fig. 1 are the driving circuits, 
respectively, for high- and low-side IGBTs. They are supplied 
driving power by low-voltage supplies (Vcc) connected to N 
terminal for GDUL and to O terminal for GDUH. Control 
unit in Fig. 1 is supplied by the same Vcc as GDUL .aiid 
generates the timings for driving IGBTs, for example, to 
control a motor connected to O terminal. High-voltage main 
supply (Vdd) is connected between P and N terminals. As the 
potential of O terminal (Vo) swings between the potentials of 
P and N terminals (Vp and Vn) along with the switching of 
IGBTs, GDUH (Vo-level circuits) are isolated from GDUL 
and control unit (Vn-level circuits). To ensure this isolation, 
PN-junction-isolation and high-voltage junction termination 
(HVJT) techniques are used. For transmitting signals between 
Vo- and Vn-level circuits, level-shifters are provided utilizing 
high-voltage, n- and p-channel MOSFETs (HVN and HVP), 
load resistors, and voltage-clamping diodes. 

In this design of conventional HVIC, high-voltage inter- 
connections (HV inter-connect.), HI and H2, are crossing 
over HVJT respectively at two portions. At these portions, 
electric shielding is required to avoid the breakdown voltage 
lowering of HVJT affected by the electric potential of HV 
inter-connections. Conventional shielding techniques forced, 
HVICs into increasing cost and process difficulties [IS). 
What is worse still, those process difficulties, mentioned 
earlier, limit the maximum breakdown voltage of 
conventional HVICs below 1000V. 

■ 

Design Concept of Self-Shielding 

In self-shielding concept, HV inter-connections do not cross 
over HVJT. Therefore, the electric potential of HV inter- 
connections are automatically shielded by self-junction 
structures of high-voltage devices. 

Block diagram and floor plan of self-shielded HVIC are 
shown in Fig. 1 (b) and Fig. 2 (b), respectively. As seen from 
these figures, three loops of HVJT in conventional HVIC for 
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p-substrate and the drain of HVP. The parasitic resistance 
causes undesirable leakage current parallel to the road 
resistors of level-shifters. As the parasitic resistance is 
unavoidable in proposed structures, it must be controlled to 
substantially high value for suppressing the power dissipation 
of self-shielded level-shifters. 

Experimental Results 

Experimental run has been performed to evaluate the 
applicability of self-shielding technique to very high-voltage 
ICs over 1000V. Substrates used were 230ficm, boron-doped, 
floating-zone-melted, silicon wafers and the process used was 
3um-CMOS. Evaluated devices were HVN, HVP, self- 
shielded HV n- and p-channel level-shifters, and the parasitic 
resistors of self-shielding regions. N- and p-channel level- 
shifters were laid into a single, complementary device. The 
photograph of a pair of complementary level-shifters is shown 
in Fig. 4. 



fv£**T/Z>iV i 
j 




Fig; 4 Photograph of the experimental, complementary, self-shielded, high- 

voltage level-shifters in a single device layout 

... - v 

The output characteristics of HVN and HVP are shown in Fig;. 
5 (a) and (b), respectively. Both HVN and HVP have a 
breakdown voltage of 1600V. As the doping of diffused 
regions were not optimized, the threshold voltage of . HVN 
was much lower than that of HVP. The kink of output 
characteristics of HVP at high-current and high-voltage 
region is also due to the same reason. In HVN, the saturation; 
of output current independent of gate voltage at higher gate 




(a) 




Fig. 5 Output characteristics of (a) HVN and (b) HVP. 

voltage region comes from the effect of its double-base 
structure. 

The operations of self-shielded, high-voltage, complementary 
level-shifters under 1200V supply are shown in Fig. 6 (a) and 
(b). The n-channel level-shifter converted the Vn-level, 
0V/2V input signal to Vo-Ievel, 120OV/1 120V output signal; 
The p-channel level-shifter converted the Vo-Ievel; . 
1200V/1 185 V input signal to Vn-level, 0V/4QV signal. From 
these operation wave-forms, it is confirmed that the self- 
shielded level-shifters fulfill their function excellently in very 
high-voltage ICs. • > ; v > V /; 

For evaluating parasitic resistors, Rpl and Rp2, leakage 
currents, Irpl and Irp2, respectively through Rpl and Rp2, 
were measured. They are plotted in Fig. 7 as a function 6f 



